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Abstract : Artificial neural networks have been designed in the frequency range of 0.5 GHz. to 30 GHz to analyze and synthesize the 
impedance and dispersion characteristics of microstrip transmission lines. Results obtained by this method have been compared with the results 
obtained using the software MWI and experiment. These results show a good parity for specified range of parameters.
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[here are various methods of microstrip analysis, which 
may be divided into three groups : Quasi-static approach, 
Dispersion model and Full wave analysis [1]. Due to the 
increasing use of microstrip lines in higher frequency 
regimes, numerous papers on the study of their characte­
ristics have been published. Excellent summaries and 
reviews of the methods employed in the studies arc given 
by different authors [2-6J. To avoid the mathematical 
complexity of previous works and to generalize the studies 
over a vast range of parameters, Artificial Neural Network 
(ANN) model is introduced. A four-layer ANN, with 
three hidden layers, is trained with available data. After 
training, the absolute average error of ANN is observed 
to be less than 2% with respect to MWI [7]. In our 
neuron mcxlel, multi-layer feedforward network trained by 
backpropagation algorithm is used as they offer immense 
scope for exact representation of a broad class of input/ 
output maps [8,9]. The model is used to obtain effective 
dielectric constant {£n(d and characteristic impedance (Zq) 
of a microstrip line for a given set of parameters like 
dielectric thickness (/i), strip width (w), relative dielectric 
constant (€r) and frequency of operation (/).
A similar type of ANN model is used again to 
determine the microstrip transmission line width for re­
quired characteristic impedance. Here also, the results 
obtained from ANN have an absolute average error less 
than 2% with respect to MWI. A microstrip transmission 
line is fabricated for a characteristic impedance of 50 Q 
which has been designed by the ANN technique. Its 
experimental measurement of characteristic impedance 
shows an excellent agreement with the designed value. So 
it is proposed that the ANN model may be used to 
analyze and synthesize microstrip characteristics with a 
reasonably small error.
A typical microstrip line is shown in Figure 1. For 
analysis it is assumed that the effective relative permittivity
h s thickness of the dielectric material. 
W = strip width.
Er = relative dielectric constant.
Figure 1. A typical nucrostrip line.
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(f;,(r) and characteristic impedance (Zo) of microstrip 
transmission line are continuous functions of four variables, 
within specified range, viz- the thickness of the dielectric 
materia] (h), width of the strip (w), relative effective 
dielectric constant of the dielectric material (e,) and 
frequency of operation (/). The selected range of the four 
variable are; h = 0.5 mm to 4.5 mm, iv = 0.2 mm to 
9 mm, /  = 0.5 GHz. to 30 GHz and f, = 2 to 10. In the 
feedforward network used, four units arc required in the 
input layer. There are thirteen units in the first hidden 
layer (counting from the input side), nine units in the 
second hidden layer, five units in the third hidden layer 
and finally two units in the output layer as shown in 
Figure 2. To analyze, the values of the four inputs are
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FlgBR 2. Four input two output three hidden-iayered feedforward network 
for back-propagation.
considered proportional to the dielectric thickness, widU' 
of the strip, relative dielectric constant and frequency o) 
operation. The values o f two outputs are proportional tc 
the effective relative dielectric constant and characteristic 
impedance. The popular sigmoidal function, given by j{x' 
= [1/(7 + exp(-Ajc)} -  or], where y(jc) is the output o| 
the unit, x  is the total input to the unit, A is the 
activation gain and a  is the threshold, is considered foi 
representation of the input/output relationship for each 
unit. All thresholds are assumed to be zero and all 
activation gains are assumed unity. As it is assumed that 
each neuron is characterized by a sigmoid function [8], to 
normalize the values of all variables between 0 and i, 
dielectric thickness is divided by five and strip width, 
relative dielectric constant and effective relative dielectric 
constant are divided by ten, frequency is divided by thirty 
and characteristic impedance is divided by two hundred.
To minimize error for the vast range of input para­
meters, three hidden layers are used. The network i<, 
trained with 950 data sets for w/h = 0.05 to 5 with the 
help of Backpropagation Algorithm. After nearly 700,000 
iterations with a variable learning rate of 0.0(X)13 to
0.01, the final network values yielded an average of 
absolute error o f less than 2% with respect to MWl.
Almost the same network is used for synthesis as 
shown in Figure 3. There is one unit in the output layer. 
In this case the value of four inputs are proportional to 
the dielectric thickness, characteristic impedance of the 
strip, relative dielectric constant and frequency of opera­
tion and the output is proportional to the value of width 
o f the strip. For normalization, each variable is divided 
by the same factor as before except the strip width, 
which is divided by fifteen. This network is also trained 
with 950 data sets for w/h = 0.05 to 5 with the help of 
Back-pre^agation Algorithm. Here, the range of the strip 
width is taken to lie within 0.2 mm to 13 mm After 
nearly 500,000 iterations with a variable learning rate of
0.00013 to 0.03, the final netwoilc values yielded an 
average of absolute error o f less than 2 % with respect to 
MWI.
The trained ANN for analysis is used to compute the 
variation of characteristic impedance and effective relauve 
dielectric constant widi fiequency for different corobinati« 
o f dielectric thickness, strip width and relative permittivity
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of the dielectric material. The results are plotted along 
with the corresponding results obtained using MWl for 
comparison in Figures 4.1 to 5.4.
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Figure 3. Four input one output three hidden-layered feedforward network 
for back-propagation.
Further, the trained ANN for synthesis is used to 
compute the variation of strip width with frequency for 
different combination of dielectric thickness, characteristic 
impedance and relative permittivity o f the dielectric 
material. The results are plotu.d along with the results 
obtained by MWI in Figures 6.1 to 6.4. Further with the 
help of our studies, a 50 £2 line with dielectric thickness 
1.S24 mm, relative dielectric constant 2.2 and an operating 
frequency of 5 GHz was designed and fabricated. 
Measurements for reflection coefficient with the line 
terminated by a 50 £2 matched load showed perfect 
matching at 5 GHz, whereas at 5.015 GHz the SWR was 
found to hft 1 cifiK
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Figure 4.1-4.4. Plot of characteristic impedance in ohm vs fiequenc) 
in HH7 for different wfh ratio and different £ .
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Figure 5.4
Figure S A ^ X  Plot of effective relative permittivity vs frequency in GHz 
for different wfh ratio and different e,.
Figure 6.1-4i.4. Plot of strip width V5 frequency in GHz for different valu^  
of Zo ami different
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It is seen from the plots that the results obtained 
using ANN are in excellent agreement with results 
obtained using MWI. It is shown that once AN N s arc 
trained, then for different value o f  input variables, within 
the specified range, outputs may be obtained for both 
analysis and design purpose without further mathematical 
calculation with a veiy  small error.
References
|]j K C Gupta, R Garg and I J  Bahl Microsirip lines and Slot Unei 
(Norwood, M A : Aitech House) 2nd edn (1996)
f2| R Mitra and T Itoh Advances in Microwaves (New York : Aca­
demic) 2nd edn (1996)
[3] E Hamnwtstad and 0  Jensen Proc. IEEE MITTS M .  Microwave 
Symp. Disesi p407 (1980)
[4] M Kiischning and R Jensen Electron Lett. 18 272 (1982)
[5] B Bhat and $ K Kaul Analysis, Design and Application ofFitdines 
(Norwood, M A : Aitech House) (1987)
[6] A Das and S K Das Microwave Engineering (New D elh i: Dita 
McOraw Hill) (2000)
[7] G R IhxMit, MWI, (freeware created by Hurie R&D Center, Rogers 
Corp^, internet: bob.trout@rogers-cotp.com
[8] N K lo se  and P Liang Neural Network Fundamentals with G n ^ ,  
Algoifthms and Applications (New York: McGraw-Hill) (1996)
[9] C Chwtodoulou and M Geoigiopoulos Applications o f Neural Net- 
worldin Electromagnetics (Norwood, M A : Artech House) (2001)
